CLAIMS 

What is claimed is: 

1. A fiber optic module for coupling photons between 
optoelectronic devices and optical fibers, the fiber optic 
module comprising : 

a base; 

a first printed circuit board (PCB) arranged parallel to 
a first optical axis of a first optoelectronic device, the 
first optoelectronic device having terminals coupled to the 
first printed circuit board; 

a second printed circuit board (PCB) arranged parallel to 
a second optical axis of a second optoelectronic device, the 
second optoelectronic device having terminals coupled to the 
second printed circuit board; 

a third printed circuit board (PCB) arranged parallel to 
a third optical axis of a third optoelectronic device, the 
third optoelectronic device having terminals coupled to the 
third printed circuit board, and 

wherein the third printed circuit board and the third 
optoelectronic device to provide redundancy for the fiber 
optic module. 

2. The fiber optic module of claim 1 further comprising: 
a housing coupled to the base. 

3. The fiber optic module of claim 2 wherein, 

the housing is a shielded housing to encase the first, 
second and third printed circuit boards to reduce 
electromagnetic interference (EMI) . 
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4. The fiber optic module of claim 1 wherein, 

the base has a first, a second and a third opening; 

the first printed circuit board has a plurality of pins 
extending through the first opening in the base to couple to a 
system; 

the second printed circuit board has a plurality of pins 
extending through the second opening in the base to couple to 
the system; and 

the third printed circuit board has a plurality of pins 
extending through the third opening in the base to couple to 
the system. 

5. The fiber optic module of claim 4 wherein, 

the first, second and third openings in the base are a 
plurality of pin holes in the base. 

6. The fiber optic module of claim 4 wherein, 

the first, second and third openings in the base are a 
first, second, and third cutouts respectively in the base. 

7. The fiber optic module of claim 1 wherein, the first, 
second and third printed circuit boards further comprise: 

electrical components coupled between the first 
optoelectronic device and the plurality of pins of the first 
printed circuit board and between the second optoelectronic 
device and the plurality of pins of the second printed circuit 
board and between the third optoelectronic device and the 
plurality of pins of the third printed circuit board, the 
electrical components for controlling the first, second, and 
third optoelectronic devices. 



3918P002XX4 

Exp. No. EL802872838US 



74 



RWB/WEA/sm 



8. The fiber optic module of claim 7 wherein, the first 
printed circuit board further comprises: 

a ground plane to reduce electro-magnetic fields 
generated by the electrical components. 

9. The fiber optic module of claim 7 wherein, the second 
printed circuit board further comprises: 

a ground plane to reduce electro-magnetic fields 
generated by the electrical components. 

10. The fiber optic module of claim 7 wherein, the third 
printed circuit board further comprises: 

a ground plane to reduce electro-magnetic fields 
generated by the electrical components. 

11. The fiber optic module of claim 1 further comprising: 
a first optical block coupled to the first optoelectronic 

device, the first optical block having a first opening to 
receive the first optoelectronic device, and a first lens to 
couple photons between the first optoelectronic device and an 
optical fiber; 

a second optical block coupled to the second 
optoelectronic device, the second optical block having a 
second opening to receive the second optoelectronic device, 
and a second lens to couple photons between the second 
optoelectronic device and an optical fiber; and 

a third optical block coupled to the third optoelectronic 
device, the third optical block having a third opening to 
receive the third optoelectronic device, and a third lens to 
couple photons between the third optoelectronic device and an 
optical fiber. 
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12. The fiber optic module of claim 11 further 
comprising : 

a nose to receive an optical fiber connector and to hold 
an optical fiber substantially fixed and aligned with an 
optical opening of the optical block. 

13. The fiber optic module of claim 12 further 
comprising: 

a nose shield surrounding the nose to reduce 
electromagnetic interference . 

14. The fiber optic module of claim 1 further comprising: 
an optical block coupled to the first, second and third 

optoelectronic devices, the optical block having 

a first, second and third openings to receive the first, 

second and third optoelectronic devices respectively, and 

a first, second, and third lens to couple photons between 

the first, second and third optoelectronic devices and first, 

second, and third optical fibers respectively. 

15. The fiber optic module of claim 14, wherein, 

the first and third lens of the optical block to launch 
photons into the first optical fiber and the third optical 
fiber from the first and third optoelectronic devices. 

16. The fiber optic module of claim 14, wherein, 

the second lens of the optical block is a focusing lens 
to receive photons from the second optical fiber and to couple 
them to the second optoelectronic device. 

17. The fiber optic module of claim 14 further 
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comprising : 

a nose to receive an optical fiber connector and to hold 
an optical fiber substantially fixed and aligned with an 
optical opening of the optical block. 



18. The fiber optic module of claim 17 further 
comprising : 

a nose shield surrounding the nose to reduce 
electromagnetic interference . 



19. The fiber optic module of claim 1, wherein, 
the first optoelectronic device is a photodetector and 
the second and third optoelectronic devices are emitters. 



20. The fiber optic module of claim 19, wherein, 
the emitters are vertical cavity surface emitting lasers 
(VCSELs) . 



21. The fiber optic module of claim 1, wherein, 
the first optoelectronic device is an emitter and the 
second and third optoelectronic devices are photodetectors . 



22. The fiber optic module of claim 21, wherein, 
the emitter is a vertical cavity surface emitting laser 
(VCSEL) . 



23. A method of providing redundancy in a fiber optic 
module comprising: 

providing a first fibei/ o^tic pftannel in a fiber optic 
module, 

providing a second fibe^ op 
module, and 



^c channel in a fiber optic 
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7 providing a thiord fiber optic channel in a fiber optic 

8 module to replace a failing fiber optic channel in the fiber 

9 optic module. 

1 24. The method of \ claim 23 wherein, 

2 the third fiber ontic channel in the fiber optic module 

3 becomes operational when the first fiber optic channel fails. 

1 25. The method of claim 23 wherein, 

2 the third fiber optic channel in the fiber optic module 

3 becomes operational when the second fiber optic channel fails. 



i 
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3 
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26. The method of cl 
detecting when the 
fail in the fiber optic 



nrthe: 
f/.r%t and sejrond 



comprising : 
fiber optic channels 



odule , 



27. The method of c 
the third fiber opt 
becomes operational when the 
fiber optic channel fails 



Laim Jp 6 wherein, 

nnel in the fiber optic module 
tecting detects when the first 



1 28. The method of claim 26 wherein, 

2 the third fiber optic channeQ. in the fiber optic module 

3 becomes operational when the detecting detects when the second 

4 fiber optic channel fails. 

1 29. The method of claim 23 further comprising: 

2 providing a first detector to detect when the first fiber 

3 optic channel fails in the fiber optic module. 



30. The method of claim 23 furthen comprising: 
providing a second detector to detect when the second 
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3 fiber optic channel fails in the fiber optic module. 

1 31. The method of claim 23 further comprising: 

2 providing a first dtt^cto^dlid a second detector to 

3 respectively detect When/ the first fiber optic channel fails 

4 and the second fiber optia channel fails in the fiber optic 

5 module. \ 

1 32. A fiber qptic module for coupling photons between 

2 optoelectronic dev^es and optical fibers, the fiber optic 

3 module comprising: \ 

4 a base; \ 

5 a first horizontal printed circuit, board (PCB) arranged 

6 parallel to a first optical axis of a first optoelectronic 

7 device, the first optoelectronic device having terminals 

8 coupled to the first horizontal printed circuit board, the 

9 first horizontal printed circuit board arranged parallel to 
10 the base; \ 

n a second vertical printer! circuit board (PCB) arranged 

12 parallel to a second optical axis of a second optoelectronic 

13 device, the second optoelectroimc device having terminals 

14 coupled to the second vertical jointed circuit board, the 

15 second vertical printed circuit baard arranged perpendicular 

16 to the base; \ 

17 a third horizontal printed circuit board (PCB) arranged 

18 parallel to a third optical axis of A third optoelectronic 

19 device, the third optoelectronic deviate having terminals 

20 coupled to the third horizontal printed\circuit board, the 

21 third horizontal printed circuit board arranged parallel to 

22 the base; and \ 

23 wherein the third horizontal printed circuit board and 

24 the third optoelectronic device to provide redundancy for the 

25 fiber optic module. \ 
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1 33. The fiber ofttic module of claim 32 further 

2 comprising: \ 

3 a housing coupled! to the base. 

1 34. The fiber optia module of claim 33 wherein, 

2 the housing is a shielded housing to encase the first, 

3 second and third printed! circuit boards to reduce 

4 electromagnetic interference (EMI) . 

1 35. The fiber optic module of claim 32 wherein, 

2 the base has a first,! a second and a third opening; 

3 the first printed circuit board has a plurality of pins 

4 extending through the firso opening in the base to couple to a 

5 system; I 

6 the second printed circuit board has a plurality of pins 

7 extending through the seconds opening in the base to couple to 

8 the sy s t em ; and \ 

9 the third printed circuit board has a plurality of pins 
10 extending through the third opening in the base to couple to 
n the system. \ 

1 36. The fiber optic module of claim 35 wherein, 

2 the first, second and thirid openings in the base are a 

3 plurality of pin holes in the base. 

1 37. The fiber optic module ©f claim 35 wherein, 

2 the first, second and third Vopenings in the base are a 

3 first, second, and third cutouts respectively in the base. 

1 38. The fiber optic module of\ claim 32 wherein, the 

2 first, second and third printed ciAcuit boards further 



3918P002XX4 

Exp. No. EL802872838US 



80 



RWB/WEA/sm 



3 comprise: \ 

4 electrical components coupled between the first 

5 optoelectronic device knd the plurality of pins of the first 

6 printed circuit board and between the second optoelectronic 

7 device and the plurality of pins of the second printed circuit 

8 board and between the tlriird optoelectronic device and the 

9 plurality of pins of the\ third printed circuit board, the 

10 electrical components fon controlling the first, second, and 

n third optoelectronic devices. 

1 39. The fiber optic module of claim 38 wherein, the first 

2 printed circuit board further comprises: 

\ 3 a ground plane to reduce electro-magnetic fields 

4 generated by the electrical components. 

1 40. The fiber optic modula of claim 38 wherein, the 

2 second printed circuit board further comprises: 

3 a ground plane to reduce electro-magnetic fields 

4 generated by the electrical components. 

1 41. The fiber optic module of claim 38 wherein, the third 

2 printed circuit board further comprises : 

3 a ground plane to reduce electron-magnetic fields 

4 generated by the electrical components. 

1 42. The fiber optic module of claim 32 further 

2 comprising: \ 

3 a first optical block coupled to the\ first optoelectronic 

4 device, the first optical block having a nirst opening to 

5 receive the first optoelectronic device, amd a first lens to 

6 couple photons between the first optoelectronic device and an 

7 optical fiber; \ 
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8 a second optical block coupled to the second 

9 optoelectronic device, \the second optical block having a 

10 second opening to receive the second optoelectronic device, 

11 and a second lens to counle photons between the second 

12 optoelectronic device and\an optical fiber; and 

13 a third optical bloclA coupled to the third optoelectronic 

14 device, the third optical ©lock having a third opening to 

is receive the third optoelectronic device, and a third lens to 

16 couple photons between the ttfiird optoelectronic device and an 

17 optical fiber. \ 

1 43. The fiber optic moduli of claim 42 further 

2 comprising: \ 

3 a nose to receive an optical\ fiber connector and to hold 

4 an optical fiber substantially fixW and aligned with an 

5 optical opening of the optical blocK. 

1 44 . The fiber optic module of claim 43 further 

2 comprising: \ 

3 a nose shield surrounding the noseXto reduce 

4 electromagnetic interference. \ 

1 45. The fiber optic module of claim sQ further 

2 comprising: \ 

3 an optical block coupled to the first , \second and third 

4 optoelectronic devices, the optical block having 

5 a first, second and third openings to receive the first, 

6 second and third optoelectronic devices respectively, and 

7 a first, second, and third lens to couple uphotons between 

8 the first, second and third optoelectronic devi&es and first, 

9 second, and third optical fibers respectively. \ 
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46. A fiber opt i a module for coupling photons between 
optoelectronic devices\and optical fibers, the fiber optic 
module comprising: \ 

a base having a first, a second and a third opening; 

a first horizontal printed circuit board (PCB) arranged 
parallel to a first optical axis of a first optoelectronic 
device, the first optoelectronic device having terminals 
coupled to the first horizontal printed circuit board, the 
first horizontal printed circuit board arranged parallel to 
the base, the first horizontal printed circuit board having a 
plurality of pins extending through the first opening in the 
base to couple to a system; \ 

a second vertical printed circuit board (PCB) arranged 
parallel to a second optical aVcis of a second optoelectronic 
device, the second optoelectronic device having terminals 
coupled to the second vertical printed circuit board, the 
second vertical printed circuit \board arranged perpendicular 
to the base, the second vert ical\ printed circuit board having 
a plurality of pins extending thnough the second opening in 
the base to couple to the system; \ 

a third horizontal printed circuit board (PCB) arranged 
parallel to a third optical axis ofi a third optoelectronic 
device, the third optoelectronic device having terminals 
coupled to the third horizontal printed circuit board, the 
third horizontal printed circuit board arranged parallel to 
the base, the third horizontal printed circuit board having a 
plurality of pins extending through tme third opening in the 
base to couple to the system, wherein the third horizontal 
printed circuit board and the third optoelectronic device to 
provide redundancy for the fiber optic module; and 

a shielded housing coupled to the Aase to encase the 
first horizontal, second vertical and thtLrd horizontal printed 
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33 circuit boards to reduce electromagnetic interference (EMI) . 

1 47. The fiber optic module of claim 45 further 

2 comprising: \ 

3 an optical block compled to the first, second and third 

4 optoelectronic devices, tne optical block having 

5 a first, second and raiird openings to receive the first, 

6 second and third optoelectronic devices respectively, and 

7 a first, second, and third lens to couple photons between 

8 the first, second and third optoelectronic devices and first, 

9 second, and third optical fibers respectively. 

1 48. The fiber optic module V>f claim 47 further 

2 comprising: \ 

3 a nose to receive an optical vEiber connector and to hold 

4 the first, second, and third optical fibers substantially 

5 fixed and aligned with the first, second, and third optical 

6 openings of the optical block. \ 

1 49. The fiber optic module of claim 48 further 

2 comprising: \ 

3 a nose shield surrounding the nose Vo reduce 

4 electromagnetic interference. \ 

1 50. A fiber optic module for coupling photons between 

2 optoelectronic devices and optical fibers, vhe fiber optic 

3 module comprising: \ 

4 a base having a first, a second and a third opening; 

5 a first vertical printed circuit board (PUB) arranged 

6 parallel to a first optical axis of a first opqpelectronic 

7 device, the first optoelectronic device having terminals 

8 coupled to the first vertical printed circuit board, the first 
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9 vertical printed circuit! board arranged perpendicular to the 

10 base, the first verticalXprinted circuit board having a 

11 plurality of pins extending through the first opening in the 

12 base to couple to a system; 

13 a second horizontal pprinted circuit board (PCB) arranged 

14 parallel to a second optical axis of a second optoelectronic 



15 device, the second optoelectronic device having terminals 

16 coupled to the second horizontal printed circuit board, the 

17 second horizontal printed circuit board arranged parallel to 

18 the base, the second horizontal printed circuit board having a 

19 plurality of pins extending otarough the second opening in the 

20 base to couple to the system; \ 

21 a third vertical printed circuit board (PCB) arranged 

22 parallel to a third optical axils of a third optoelectronic 

23 device, the third optoelectronic device having terminals 

24 coupled to the third vertical prrLnted circuit board, the third 

25 vertical printed circuit board arranged perpendicular to the 

26 base, the third vertical printed circuit board having a 

27 plurality of pins extending through the third opening in the 

28 base to couple to the system, wheJein the third vertical 

29 printed circuit board and the thirp optoelectronic device to 

30 provide redundancy for the fiber orotic module; and 

31 a shielded housing coupled to Ithe base to encase the 

32 first vertical, second horizontal and third vertical printed 

33 circuit boards to reduce electromagnetic interference (EMI) . 

1 51. The fiber optic module of claim 50 further 

2 comprising: \ 

3 an optical block coupled to the mrst, second and third 

4 optoelectronic devices, the optical block having 

5 a first, second and third openings\to receive the first, 

6 second and third optoelectronic devices ^respectively, and 

7 a first, second, and third lens to couple photons between 
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8 the first, second and tnird optoelectronic devices and first, 

9 second, and third optical fibers respectively. 

1 52. The fiber optic module of claim 51 further 

2 comprising: \ 

3 a nose to receive an optical fiber connector and to hold 

4 the first, second and thirffl optical fibers substantially fixed 

5 and aligned with the first A second and third optical openings 

6 of the optical block. \ 

1 53. The fiber optic module of claim 52 further 

2 comprising: \ 

3 a nose shield surroundingl the nose to reduce 

4 electromagnetic interference. \ 

1 54 . A fiber optic module fotr coupling photons between 

2 optoelectronic devices and optical fibers, the fiber optic 

3 module comprising: \ 

4 a base having a first, a second and a third opening; 

5 a first horizontal printed circuit board (PCB) arranged 

6 parallel to a first optical axis oe a first optoelectronic 

7 device, the first optoelectronic device having terminals 

8 coupled to the first horizontal printed circuit board, the 

9 first horizontal printed circuit board arranged parallel to 

10 the base, the first horizontal printed circuit board having a 

11 plurality of pins extending through ihe first opening in the 

12 base to couple to a system; \ 

13 a second horizontal printed circuit board (PCB) arranged 

14 parallel to a second optical axis of a\ second optoelectronic 

15 device, the second optoelectronic devise having terminals 

16 coupled to the second horizontal printed circuit board, the 

17 second horizontal printed circuit board\arranged parallel to 

18 the base, the second horizontal printed circuit board having a 
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19 plurality of pins extending through the second opening in the 

20 base to couple to the system; 

21 a third horizontal^ printed circuit board (PCB) arranged 

22 parallel to a third optical axis of a third optoelectronic 

23 device, the third optoelectronic device having terminals 

24 coupled to the third horizontal printed circuit board, the 

25 third horizontal printed aircuit board arranged parallel to 

26 the base, the third horizontal printed circuit board having a 

27 plurality of pins extending^ through the third opening in the 

28 base to couple to the system, wherein the third horizontal 

29 printed circuit board and the third optoelectronic device to 

30 provide redundancy for the filler optic module; and 

31 a shielded housing coupleti to the base to encase the 

32 first horizontal, second horizontal and third horizontal 

33 printed circuit boards to reducA electromagnetic interference 

34 (EMI) . \ 

1 55. The fiber optic module of \claim 54 further 

2 comprising: \ 

3 an optical block coupled to the\first, second and third 

4 optoelectronic devices, the optical b^pck having 

5 a first, second and third openinga to receive the first, 

6 second and third optoelectronic devices ^respectively , and 

7 a first, second, and third lens to qpuple photons between 

8 the first, second and third optoelectronic devices and first, 

9 second, and third optical fibers respectively . 

1 56. The fiber optic module of claim 55 further 

2 comprising: \ 

3 a nose to receive an optical fiber conneccbr and to hold 

4 the first, second, and third optical fibers substantially 

5 fixed and aligned with the first, second, and thdW optical 

6 openings of the optical block. \ 
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1 57. The fiber optic module of claim 56 further 

2 comprising: \ 

3 a nose shield surrounding the nose to reduce 

4 electromagnetic interference. 

1 58. A fiber optic mouule for coupling photons between 

2 optoelectronic devices and optical fibers, the fiber optic 

3 module comprising: \ 

4 a base having a first A a second and a third opening; 

5 a first vertical printed circuit board (PCB) arranged 

6 parallel to a first optical axis of a first optoelectronic 
v 7 device, the first optoelectronic device having terminals 

8 coupled to the first vertical Vprinted circuit board, the first 

9 vertical printed circuit board \ar ranged perpendicular to the 
10 base, the first vertical printed circuit board having a 

n plurality of pins extending through the first opening in the 

12 base to couple to a system; \ 

13 a second vertical printed circuit board (PCB) arranged 

14 parallel to a second optical axis oV a second optoelectronic 

15 device, the second optoelectronic device having terminals 

16 coupled to the second vertical printad circuit board, the 

17 second vertical printed circuit board \arranged perpendicular 

18 to the base, the second vertical printad circuit board having 

19 a plurality of pins extending through tlae second opening in 

20 the base to couple to the system; \ 

21 a third vertical printed circuit board (PCB) arranged 

22 parallel to a third optical axis of a third optoelectronic 

23 device, the third optoelectronic device hawng terminals 

24 coupled to the third vertical printed circuit board, the third 

25 vertical printed circuit board arranged perpendicular to the 

26 base, the third vertical printed circuit boarA having a 

27 plurality of pins extending through the third opening in the 
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28 base to couple to tne system, wherein the third vertical 

29 printed circuit boar© and the third optoelectronic device to 

30 provide redundancy fqr the fiber optic module; and 

31 a shielded housing coupled to the base to encase the 

32 first vertical, Seconal vertical and third vertical printed 

33 circuit boards to reduce electromagnetic interference (EMI) . 

1 59. The fiber optia module of claim 58 further 

2 comprising: \ 

3 an optical block coupled to the first, second and third 

4 optoelectronic devices, trie optical block having 

5 a first, second and Ahird openings to receive the first, 

6 second and third optoelectronic devices respectively, and 

7 a first, second, and ihird lens to couple photons between 

8 the first, second and third! optoelectronic devices and first, 

9 second, and third optical fibers respectively. 

1 60. The fiber optic module of claim 59 further 

2 comprising: \ 

3 a nose to receive an optical fiber connector and to hold 

4 the first, second and third ontical fibers substantially fixed 

5 and aligned with the first, second and third optical openings 

6 of the optical block. 1 

1 comprising61 . The fiber aptic module of claim 60 

2 further: \ 

3 a nose shield surrounding tme nose to reduce 

4 electromagnetic interference. \ 

5 \ 
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